The inverted V natuxe of the electron precipitations at the convection boundary, compared with the lack of such structure over the arc which was within the positive bay region, leads to the conclusion that auroral arcs are likely to be associated with inverted V type precipitation only at or poleward of convection boundaries and their eddy structures.
Introduction
Electric field measurements from which all three components can be obtained have been rare (see Kelley et al., 1975) . For Maynard et al., 1973) and sometimes not observed (i.e. Mozer and Fahleson, 1970) . "Inverted V" structures of precipitating particles (Frank and Ack.erson, 1971 ) have been correlated with electric field boundaries or reversals (Frank and Gurnett, 1971 ) and with auroral. ares (Ackerson and Frank, 1972) .
In addition, an overall picture of the high latitude, electric field -driven convection patterns has evolved from various measurements of electric fields (Ba+ releases, single axis double probe measurements on satellites, double probe measurements on rockets, ground backscatter radar measurements, etc.). Near magnetic midnight the negative bay region overlaps the positive bay region on the poleward side. The electric field i changes from basically northerly in direction in the positive bay region, through the west, to a southerly direction in the negative bay region as ' one crosses this boundary called the Harang discontinuity (see Maynard, 1974) . In the vicinity of this boundary details of the electric field are sketchy due to the lack of complete knowledge o l :' the electric field vector in previous measurements. A sounding rocket launched in a northerly direction at low inclination can be used to provide a spatial profile of parameters across several degrees of latitude. In this paper we report on results
From electric field, aurora], particle and photometer (optical) measurements over nearly three degrees of latitude in the positive bay region near magnetic midnight. The overall topology of the electric field and particle precipitation and its relation to the auroral conditions as seen from the rocket and the ground will be presented. A companion paper (Evans et al. ) 1976) will explore in more detail the ionospheric effects of the relationship between precipitating particles and electric fields in the vicinity of a IBC II auroral arc.
II. Flight Performance
Polar 3 (a Nike-Tomahawk) was launched at 19:08:46 GMT on January 27a 1974 , from the And^ya Rocket Range in northern Norway (69° 17' 40 " N and 160 Ol' 22" E geographic). A low launch elevation (7e ) resulted in a large horizontal flight range. 'Between 'traverses of the 100 km altitude level. 2.9 0 of latitude were crossed. Apogee was at 242 km. The trajectory was obtained using data from a tone ranging system. A gyroscope reference platform measured the attitude of the rocket with an accuracy of 'between I and 0 considering errors both from the gyro and mechanical, misalignment.
Final spin and precession periods were 1. 575 and 154 c, respectively.
The flight traversed over a "stable" aurortA.1 are to the north Ana ya with an intensity of IBC II. Magnetic local time was 22,.0 hours at launch.; hence, the flight was likely into a positive bay type pre-magnetic-midnight condition.: A more comprehensive discussion of the auroral and magnetic conditio-as is found in Section III.
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%lie instrument complement included a two axis electric Field measurement (capable of resolving all three components), low energy particle detectors (channel.trons coverinr, electrons from < (),I tea 1.6 keV'), tilting narrow bandwidth ph.-rt: meters c_jverinf' ; the Sd^ (4278A,) and of (63000 emission,-,, and a Langiauir probe electron dent ity moasurement, Data frturi the first three instruments will be presented here.
1:1`'. Ground Observations Figure 1 shows three all-sky photos taken from the launch site at 4o, 240 and 440 s during the flight. The basic are structure which at a paint east of And^ya curled back to the northwest existed for some time prior to launch and also continued in approximately the same location for a significant period after the launch. The positions of the magnetic field lines at 110 km which intersect the rocket trajectory at 150, 230 and 380 s are shown on the respective photos. As will be subsequently shown, 150 and 230 s are the entry and exit times from the arc as determined from data gathered by the onboard: charged particle and photometer instruments. The intensification of the are in the vicinity of the trajectory seen in the 24o s photo was not present in the photo taken at 150 seconds (at the time of entry into the axe). At that time the whole are as seen by the all-sky camera was of nearly uniform intensity. The variations in intensity in the 240 s photo developed to the east and drifted west in subsequent photos. After 340 s electron fluxes were again of sufficient intensity tc , create visual aurora; Tf, :,te that during the flight the main are is slowly moving southward. This can be -seen relative to the p)eitJ,_)ns of the star Vega, Located just above the 3 in 230 in the middle photo, and gust :above The horizontal disturbance at And^ya is somewhat anomalous in changing from southeast to northeast during the flight. There is no simple horizontal current system that can give this initial southward AX at A4ya with --Ixoms^ zero and Murmansk routhward. Local structuTe and/or field aligned currents must be involved. The conclusion is that the Harang discontinuity (see Maynard, 1974) is associated with the westward travelling surge from tho substorm.
An(1/ya is clearly positive in QD through the flight.
1V. On Board Photometer Measurements
Two narrow-band tilt-filter photometers were mounted at 135 degrees to the rocket axis to look down on the aurora. typical differential-`directional electron energy spectrum taken above this aurora is shown in Figure 5 . The spectrum is relatively flat over the energy range 0.6 to 7 keV, but falls sharply at higher energies.
While there is no great evidence for a monoenergetic peak in this spectrum, the change in slope at 7 keV does demark a characteristic bewi energy.
It was also observed that over this aurora the pitch angle distribution of the precipitating electr, )ns was isotropic to within a factor of 2 at all. electron eneroiez. We find no evidence of field aligned beams between 0.1 and 16 keV above this attroral arc.
It should be pAnted out that the spatial variation in the electron precipitation as the rocket approached and passed over the , auroial form did n, ,jt reproduce the inverted V pat-tern. Thowre was *j characteristio enert,,y variat .4;)jj in t7 electron beam ever the apatial -Caleri A)Cerve(l in :Ljiverted V ' s by Zatellite inatrumentation (Frank and Ackeroon, I^i7l) .
Inatead the electron. precipitation flux niniply increatoe(l in the energ-j range s 8 keV in u sp blal scale size of tj kiii.
The scatter of data point y seen in Figure 4 between 240 and 270 s were due to a number of very short lived but intense electron events.
The origin of these short lived events is unknown and their diccuspion is outoide the scope of this paper.
After 310 0 into the flight, the energZr flux carried by the electron precipitation once again began to increase,reaching sufficient intensity to cause visual aurora at about 340 s. In this region of precipitation the electron pitch angle distribution was moderately field aligned. The nature of the electron energy spectrum (Figure 6 ), and the spatial zeale over which the electron average energy monotonically increased all suggest that this precipitation was of the inverted V type. The payload re-entered the atmosphere at 390 s before the entire inverted V structure was traversed.
A further discussion of the particle measurements, their effect upon the ionosphere, and detailed analysis of the electron, electric field, and ionospheric, behavior in and near the are J-Z given in a o ,,)mparJon paper (Evans et al., 1976) .
V1. Electric Field Measurementr;,
The electric field data presented here are from a two axis measurement utilizing the do uble probe technique (Agason, l r )')^4). The four long cylindrical antennas (each 10 feet lone with the outer 2 feet comprising Thurs, in this system they will be canted Ft between 76 t n(I '()`, from north.
.easurement errors stem primarily from imperfect knowledae of the The measured electric field parallel to B is at all times less in magnitude than ± 4 mV/m. Since this is less than the uncertainties from the, attitude solution and contact potential variations, we conclude that there is no evidence of any parallel electric field.
VII. Discussion

A. Convectiv'e'Topology
In order to put these measurements in perspective with patterns of convective' flow in the midnight zone, convective velocities are plotted every 10 s along the rocket trajectory in Figure 9 . The coordinates are The observed convective flow is towards dusk or "sunward" from the northerly electric field direction consistent with the positive bay condition that was flown into (i.e. Heppner 1972; Wescott et al., 1969; Cauffman and 'Guxnett, 1972) . Near the end of the flight the rotation to the westward electric field or southward convection could have resulted from one of the following: (1) the boundary region separating the auroral zone from the polar cap was entered, (2) the boundary region separating the positive and negative bay regions called the Harang discontinuity (see Maynard, 1974) was entered, or (3) a Local eddy structure which mayor may not have been related to one of the above was entered. From comparing the magnetograms and the auroral morphology with the data, the most probable conclusion seems to be that the rotation is associrtited with the Haxang discontinuity although. the others can not be positively -14 -ruled out. Thus, while the main axe is in the positive bay region, the elurlirig back of the are would appear to be as,, ,, ,f.^Uated with the Harang discontinuity.
B. Parallel Electric Fields
The existence of field aligned pr)te&,ial dropo of an -,=eleration mechanism for auroral p ticle.-is widel kr accepted and e1q)I ,yirk; such occaciiaitilly have been successful ill t^eprodllclrlj^ llleasured-aw u -,ral electron spectra (Wee Evans, 1974) , Tn what region and over wha l l spatial extent these potential drops exist haV been a primary W-ource of controversy.
In all of the Bs-release measurements both pi)ot and pre midnight, noevidence of parallel fields in the ionosphere have been Oeeii (i.e. Mlende, 
C. Auroral. Electron-Electric Field Relationships
Although the detailed electrodynamical relationships between the auroral particles and the electric fields in this auroral are will be treated in the companion paper (Evans et al., 1976) , two general points on these relationships need to be made here. First, a definite anticorrelation of particles and electric fields is observed during this flights' passage over the strong discrete auxoral form located inside the "sunward" convecting positive bay region (compare Figures 4 and 8) .
$uch anticorrelation has been observed on many previous flights although it should not be expected in all cases (see discussion in Maynard et al.,
1973).
Inverted V precipitation events have been associated with auroral arcs (Ackerson and Frank, 1972) and with electric field reversals at or near the 40 keV trapping boundary (Frank and Gurnett, 1971; Gurnett and Frank, 1973 Thus, we conclude that auroral arcs totally immersed in the evening sunward convection region are likely not to be associated with inverted V structures, Auroral arcs that occur on convection boundaries, poleward of convection boundaries or in eddy structures associated with convection boundaries are likely to be associated with inverted V events. 
